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L. Introduction
The dielectric degradation of gate oxides thinner than 5nm has been associated with the existence of compressively-strained SiO2 bonds near the SiO2/Si interface [1] . Impurity redistributions [2] 
Experimental
Ultrathin gate oxides were grown at 900"C in dry 02 on ptype Si(100) and subsequently 200nm-thick undoped poly-Si was deposited at 640"C by low-pressure CVD from SiHa. The phosphorous diffusion utilizing POCI3 was carried out at 900oC for lOmin followed by 900oC annealing for 10min, Depth analysis of the phosphorous incorporation and the chemical structure for the oxide layer was performed by measuring XPS spcctra of P2o and Si2o core levels and p-polafized ATR spectra, respectively, at each step of SiO2-thinning by dilute HF etching.
Results and Discussion
The concentration of phosphorous atoms incorporated in the oxide is higher than that in poly-Si bulk layer ?2xtO2or--3) usiho*n in Fig. 1 Fig. 4 . Furthermore,P2ol3/2) XPS spectra for the P-diffused oxides can be de'cbnvoluted into five components as demonstrated in Fig. 5 . Taking into account the local electronegativity for phosphorous atom including the first and the second nearest-neighbor atoms, it is found that three-and four-fold coordinated p atoms coexist at the SiO2/Si(100) interface and in bulk SiO2. Therefore, the incorporation of three-fold coordinated p in the oxide network is considered to induce the structural relaxation of the strained bonds near the interface. ETCHING TIME (min) Fig. 3 The oxide thickness as a function of etching time in a 0.l%olfF solution. P-diffused and pure oxide prepared at 900oC were simultaneously etched in the same HF solution.
The valence band offset for the P-diffused SiO2/ Si(100) interface is determined to be 4.55t0.1eV by a spectral deconvolution of a measured valence band spectrum into the spectra originating from the oxide layer and underlying Si(100), being almost identical to that for pure SiO2/Si(100) [4] . Also there is no observable difference in the SiO2 bandgap (8.9 -9.0eV) determined from the onset of the energy loss spectrum of O1s photoelectrons for the P-diffused and pure oxides [3].
Conclusions
Surprisingly high concentration of phosphorous atoms is incorporated in ultrathin gate oxides as confirmed by high resolution XPS. Three-fold coordinated atoms relax the built-in compressive stress in the oxide layer near the SiO2/Si( 1 00) interface.
